We study the polarization of τ leptons produced at a γγ collider in the reaction γγ → τ + τ − as a possible probe of the Higgs (φ) contribution to this process and consequently of the Higgs CP property. We construct polarization asymmetries which can probe the γγφ and φτ + τ − couplings for both the CP-conserving and the CP-violating cases. We demonstrate the use of these asymmetries by analysing the CP-violating MSSM Higgs sector as an example. We show, numerically, that our asymmetries are sensitive to the CP property of a light Higgs boson over a wide range of MSSM parameters still allowed by OPAL searches.
A photon collider will provide, arguably, the best environment to study CP mixing in the neutral Higgs boson sector. Direct searches at LEP 1 have excluded a neutral Higgs boson lighter than 114. 4 GeV for the Standard Model couplings. In the case of a CP-violating Higgs sector 2 , reduced ZZ couplings of the lightest neutral Higgs boson, which may not be a CP eigenstate, can dilute this bound. In particular, in the Minimal Supersymmetric Standard Model (MSSM) with CP-violation (CPV), it is possible to have a Higgs boson as light as 50-60 GeV, consistent with LEP results 3 . For a Higgs boson of such mass, the branching ratio into τ pairs is non-negligible. At a γγ collider such a Higgs boson can be produced resonantly in the s-channel and one can study its CP-properties. In this note we study polarization asymmetries for the τ + τ − final state as a probe of the Higgs CP property. We formulate our study in a model independent way. We demonstrate the potential of our asymmetries in a numerical study using CPsuperH 4 to generate φγγ and φτ + τ − couplings in the CPV-MSSM.
The Feynman diagrams for τ -pair production are shown in Fig. 1 . The most general, model independent CP-violating φγγ and φτ + τ − vertices are:
Here k 1 and k 2 are the four-momenta of colliding photons, ǫ 1,2 corresponding polarization vectors and ǫ T 1,2 their transverse components. Without loss of generality, A τ , B τ can be taken to be real and A γ , B γ to be complex. The helicity amplitudes involve certain combinations of these form factors, which
Figure 1: Feynman diagrams contributing to γγ → τ + τ − production.
are listed below.
Combination Alias CP-Property Combination Alias CP-Property
Only five of these eight combinations are independent. A non-vanishing value of y i , i = 1...4, indicates CP-violation. The QED contribution to the τ production conserves P, CP and chirality. The Higgs contribution, on the other hand, violates at least one of these, and this will be reflected in the τ polarization, P τ . This is the fractional surplus of positive helicity τ 's over negative helicity ones. We define
where the superscript ij stands for polarization of parent e + e − beams (P e , Pē) of the LC, N + and N − stands for number of τ 's with positive and negative helicities respectively and ∆P ij τ stands for the statistical error 5 in the measurement.
For unpolarized initial-state photons, i.e. unpolarized e + e − beams, the produced τ 's are unpolarized as long as φ is a CP eigenstate. This happens as φ couples to left and right chiral fermions with the same strength. We note therefore, that the τ polarization for unpolarised photons, P U τ , is insensitive to the x i 's. However, it is sensitive to the CP-odd combinations y i .
With polarized photons, pure QED predicts a non-zero value for P ij τ . Any deviation from this QED prediction will be a probe of x i , y i , and hence the Higgs contribution. We choose equal polarization, P e = Pē, to enhance the chirality mixing Higgs contribution to γγ → τ + τ − . Due to P-invariance of QED we have P is a signal of P-violation. Since the τ interacts only with self-conjugate particles, γ and φ, P
= 0 is also a signal of CP-violation. Below we list all the polarization observables and their potentials.
Observables
Interactions probed P to present the results of our numerical study.
The form-factors appearing in Eqn.
(1) depend on the parameters of the specific model. We illustrate the effects in the CPV-MSSM. For numerical calculations we use the ideal Compton back-scattered photon spectrum 6 with x c = 4.8 . We choose the beam energy, E b , of the parent e + e − collider such that the peak in the polarized photon spectrum matches with the light Higgs mass. See Fig.2 
We scan over the (tan β − m H + ) plane in the OPAL allowed region 3 . The typical value of ∆P ij τ for the scanned points is about 0.0003, for an integrated luminosity of 100 fb −1 . To account for a possible increase in this error in actual measurements we take this to be 0.001 as a conservative measure. In Fig. 3 we show contours of δP . We see that in a large region of the (tan β − m H + ) plane the size of the asymmetries is substantial. These two observables can hence probe/exclude large regions in the still allowed parameter space.
